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ABSTRACT

In aerial vision-based navigation systems, accurately estimating the misalignment between the camera and the inertial
measurement unit (IMU) is critical. However, uncertainty in the camera’s intrinsic parameters can propagate to misalignment
estimation and result in geometric errors. This can lead to significant degradation of vision-based navigation performance
during high-altitude operations. To address this, we propose a reversal calibration method that leverages extrinsic parameters
information to determine the effective range of intrinsic parameters. Based on the results of extrinsic calibration, we define
an effective correction region for intrinsic parameters with respect to the physical centers of both sensors. This relationship is
then integrated into a constrained optimization framework to refine the intrinsic parameters within physically valid bounds.
Experiments were conducted using a camera with a focal length of 35 mm. The results demonstrate that incorporating physical
constraints into the optimization process leads to more stable parameter correction, and reduced reprojection errors by up to
60.73%.
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. INTRODUCTION
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Fig. 1. Overall block diagram of the proposed approach in detail.
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(a) Coordinate system representation

(b) Experimental setup for Kalibr

Fig. 2. Experimental setup for obtaining camera-IMU extrinsic parameter using Kalibr.
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Table 1. Regression coefficients representing the relationship between
intrinsic parameters and extrinsic parameters.

t[mm] f[mm] t[mm] ¢[deg] O[deg] vy [deg]
cpx] -1.5987 0.1242 0.0294 0.0004 -0.0006 0.0000
¢lpx] 01205 -1.8306 -0.0139 0.0000 -0.0003 0.0000
flpx]  -0.0629 0.0502 17792  0.0001 0.0002  0.0000
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(a) Effect of x-axis principal point variation

(b) Effect of y-axis principal point variation

(c) Effect of focal length variation

Fig. 3. Relationship between intrinsic parameters and the extrinsic parameters, along with the linear regression results.
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(@) X-Y plane

(b) Y-Z plane

Fig. 4. Measurement results illustrating the lever arm between the camera and IMU on the system layout diagram.
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Fig. 5. Configuration of acquisition location and distances for the camera calibration.

Fig. 6. Image acquisition method for camera calibration dataset configuration, which includes both frontal and tilted

(approximately 45 degree) camera views.
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Table 2. Camera specifications, target patterns, and number of images per
location for camera calibration.
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Table 3. Range of intrinsic parameters based on lever arm tolerance
vectors.

Pos. Camera specifications Target patterns Distance [m] # ofimages 0.5¢ € 2¢
1 15 691 ¢, [2045.08,2051.33]  [2041.95,2054.46] [2035.69, 2060.7154]
2 Width: 4096 Square size: 335 [mm] 15 551 ¢, [1512.56,1518.03]  [1509.83,1520.75]  [1504.37, 1526.22]
3 Height: 3000 Type: Checkerboard 15 602 f [12792.71,12803.96] [12787.09,12809.57] [12775.85,12820.81]
4 Focallength: 35 [mm] Rows: 7 20 223
5 Pixelsize:2.74[pm]  Cols:5 20 170
6 20 509

Table 4. Comparison of initial parameters from camera calibrator app and optimized parameters using the proposed method, along with their standard

deviation values.

bosition I ol flp K B

Init Opt (2¢) Init Opt (2¢) Opt (2¢) Init Opt (2¢) Init Opt (2¢)
1 2083.53 2060.72 1527.53 1526.22 12720.85 12789.42  -0.011 -0.010 0.438 0.535
2 2033.46  2035.70 1537.28 1525.54 12965.60 12820.82 0.003 -0.003 0.288 0.340
3 2075.88 2036.52 1502.08 1504.40 12998.50 12820.82 0.002 -0.005 0.441 0.366
4 2108.36  2040.68 1476.93 1504.37 12926.54 12820.82 0.003 0.001 0.238 0.182
5 2037.24 2052.59 154440 1526.17 13768.59 12820.82 0.041 0.007 -0.103 0.197
6 2088.44  2046.82 1554.48 1526.22 12825.23 12820.82 0.007 -0.002 0.423 0.296

STD 29.76 9.83 29.09 11.18

373.83 12.82 0.02 0.01 0.21 0.13

Table 5. Comparison of reprojection errors and reduction rates. Best reprojection error results are highlighted in bold.

. Init 0.5¢ € 2¢
Position
Error [px]  Error[px] Rates[%]  Error[px] Rates[%] Error[px] Rates[%)]

1 0.2231 0.2094 6.14 0.2093 6.19 0.2090 6.32

2 0.2269 0.2241 1.24 0.2239 1.32 0.2238 1.37

3 0.2444 0.2195 10.19 0.2191 10.35 0.2186 10.56

4 0.3513 0.2067 41.16 0.2054 41.53 0.2036 42.04

5 0.1896 0.1938 -2.22 0.1952 -2.95 0.1946 -2.63

6 0.6081 0.2391 60.68 0.2387 60.73 0.2381 60.84
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5. CONCLUSION
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